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ABSTRACT

An exhaust gas recirculation (EGR) system 1s provided for
an internal combustion engine having a combustion air
intake circuit, an exhaust manifold, and an exhaust circuit
for communicating engine exhaust to the environment. The
EGR system includes an air-to-gas EGR cooler, an air
supply conduit for supplying inlet air to the EGR cooler, an
EGR supply conduit for communicating exhaust from the

exhaust circuit to the |

H(GR cooler, and an EGR outlet conduit

communicating cooled EGR from the EGR cooler to the
intake circuit. The EGR system also includes a ventur: unit
in the exhaust circuit, and an air outlet conduit communi-
cating heated air from the EGR cooler to the ventur: unait.
Flow of exhaust through the venturi creates a pressure which
draws cooling air through the EGR cooler. A valve controls
flow through the outlet conduit as a function of a sensed
temperature 1n the intake circuit.

9 Claims, 2 Drawing Sheets
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1
EXHAUST GAS RECIRCULATION SYSTEM

BACKGROUND

The present invention relates to an exhaust gas recircu-
lation system for an internal combustion engine.

It 1s known to use exhaust gas re-circulation (EGR) to
reduce engine exhaust emissions. The exhaust gas that 1s to
be re-circulated must be cooled to keep intake manifold
temperatures low. Currently, the heat 1s removed from the
EGR loop and absorbed 1n the water/glycol circuit that cools
the engine. This works, but it 1s not an eflicient method of
removing heat because the hot exhaust gas transiers its heat
to cooler liquid which then transiers 1ts heat to the ambient
air. Since heat transier 1s driven by a diflerence between the
two mediums, 1t 1s always best to keep this difference as
large as possible.

In a low-pressure loop exhaust gas recirculation (EGR)
system, the exhaust 1s removed downstream of the turbine,
and re-inserted after the air cleaner and before the compres-
sor. The combined combustion air and exhaust gas i1s then
compressed and sent to the charge air cooler where 1t 1s
cooled prior to entering the intake manifold of the engine.

During cool weather, water may condense out of the
combined charge air. This condensed water 1s very corrosive
because the exhaust gas contains both sulphuric and nitric
acids. The corrosive condensate will damage the charge air
cooler which 1s usually made of copper alloy or aluminum
for efliciency reasons. An EGR system which reduces or
climinates such corrosive condensation 1s desired.

U.S. Pat. No. 6,216,458 shows an EGR system with a gas
to air EGR cooler and a valve 1n an air line between the EGR
cooler and exhaust gas outlet. However, this patent describes
embodiments which require pressurized cooling air from the
intake air compressor, and a mass air flow sensor. In one
embodiment fresh ambient air 1s communicated to the EGR
cooler, but the fresh air to be transported to the EGR cooler
1s “ram air’” or air which 1s drawn through the radiator with
a Tan as the vehicle travels at a given speed. This embodi-
ment includes both a temperature sensor and a pressure
responsive EGR valve.

SUMMARY

Accordingly, an object of this invention 1s to provide an
engine EGR system which includes air cooled EGR and
which prevents corrosive condensation.

A further object of the invention 1s to provide such a
system which does not require a positively pressurized
source of air for the EGR cooler.

A Tfurther object of the invention 1s to provide such a
system which does not require a mass tlow sensor or a
pressure responsive EGR valve. These and other objects are
achieved by the present mnvention, wherein an exhaust gas
recirculation (EGR) system 1s provided for an internal
combustion engine having a combustion air intake circuit,
an exhaust manifold, and an exhaust circuit for communi-
cating engine exhaust to the environment. The EGR system
includes an air-to-gas EGR cooler, an air supply conduit for
supplying inlet air to the EGR cooler, an EGR supply
conduit for communicating exhaust from the exhaust circuit
to the EGR cooler, and an EGR outlet conduit communi-
cating cooled EGR from the EGR cooler to the intake
circuit. The EGR system also includes a venturi unit 1n the
exhaust circuit, and an air outlet conduit communicating
heated air from the EGR cooler to the venturi unit. Flow of
exhaust through the venturi creates a pressure which draws
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cooling air through the EGR cooler. The flow of cooling air
through the EGR cooler 1s controlled by a valve with
controls air flow to the venturi from an alternate source, as
a function of a sensed temperature in the intake circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a simplified schematic diagram of an EGR
system according to the present mvention; and

FIG. 2 1s a simplified schematic diagram of a simplified
alternate EGR system according to the present invention.

DETAILED DESCRIPTION

Referring to FIG. 1, an engine 10 includes a combustion
alr intake 12, an exhaust outlet 14 and a conventional
turbo-compressor 18 which includes a turbine 20 and a
compressor 22. An exhaust circuit includes an exhaust line
24 communicates engine exhaust from exhaust outlet 14 to
the turbine 20. Exhaust line 26 communicates exhaust from
turbine 20 to an exhaust after-treatment unit 28 (such as a
particulate filter, a urea selective catalytic reducer, a lean
NOx trap and/or a diesel oxidation catalyst). Exhaust outlet
line 30 communicates exhaust from after-treatment unit 28
to the environment. An EGR line 32 communicates a portion
of the exhaust from exhaust line 30 downstream of turbine
20 to an 1nlet 35 of EGR cooler 34. EGR cooler 34 includes
an ambient air inlet 36, a cooled EGR outlet 38 and a heated
air outlet 40. An air line 42 communicates heated air from
outlet 40 to a ventur1 port 44 1n the exhaust line 30
downstream of the after-treatment unit 28. As a result of the
flow of exhaust gas through exhaust line 30, venturn port 44
creates a suction or negative pressure which draws cooling
air through cooler 34 and line 42. A bypass line 46 com-
municates ambient air to line 42. Preferably, an electroni-
cally controlled valve 48 1s installed 1n the bypass line 46 to
control the flow therethrough. Valve 48 may be an on/ofl or
a proportional valve.

An air ilet 50 receives air from the environment. Air
intake line 52 communicates a mixture of intake air from air
inlet 50 and cooled exhaust gas from EGR cooler 34 to the
compressor 22. Line 54 communicates the compressed
mixture from compressor 22 to an inlet of a charge air cooler
56. Intake line 58 communicates cooled charge air from
charge air cooler 56 to the engine intake 12. A fan 60 blows
cooling air 1nto the charge air cooler 56. A cooled EGR line
62 communicates cooled EGR from outlet 38 of EGR cooler
34 to a port 1n mtake line 52 upstream of compressor 22.

A parameter sensor, preferably a temperature type sensor
64 senses the temperature of the mixture in line 58 and
supplies an electronic temperature signal T to an electronic
control unit ECU 66. The ECU 66 controls valve 46 1n
response to the sensed temperature. Preferably, ECU 66 1s
programmed to cause valve 46 to fully or partially open it
the sensed temperature approaches or falls below the dew
point temperature. This reduces the tlow of cooling air
through cooler 34, increases the EGR temperature which
flows out of cooler 34, and thus increases the temperature of
the mixture 1n lines 54 and 38 and maintains the mixture
temperature above the temperature at which condensation
OCCUrS.

With this system, the control valve regulates the tlow of
cooling air through the EGR cooler as a function of the
temperature of the air/EGR mixture exiting the compressor.
It this temperature approaches the dew point temperature,
the flow 1s reduced which allows hotter exhaust gas to be
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combined with the charge air, thereby ensuring that the
mixed temperature remains above the point at which con-
densation occurs.

This system transiers heat directly to the ambient air. This
1s the most eflicient way of removing the heat because 1t
maintains the largest temperature difference possible. This
system 15 also self-regulating. When the engine runs faster,
more exhaust gas 1s created, the EGR flow increases, the
entrained air flow rises and the amount of cooling increases.
Also, the heat being removed 1s directed up and away from
the tractor by the exhaust circuit, thereby reducing the risk
of re-circulating the air into the cooling or combustion air
systems. If necessary, a valve could be placed 1n line 32 to
control the flow of EGR therethrough.

Referring now to FIG. 2, there 1s shown a simpler
alternate embodiment similar to FIG. 1, but wherein the
bypass 1inlet 46, valve 48, sensor 64 and ECU 66 are
climinated. In the system of FIG. 2 increasing exhaust flow
through line 30 increases the suction at ventur: 44. This
increases the tlow of cooling air through line 42 and increase
the cooling effect upon EGR cooler 34. Conversely, decreas-
ing exhaust tlow decreases the flow of cooling air though
line 42 and decreases the cooling effect upon EGR cooler 34.

While the present invention has been described in con-
junction with a specific embodiment, 1t 1s understood that
many alternatives, modifications and vanations will be
apparent to those skilled in the art 1n light of the foregoing
description. Accordingly, this mvention i1s intended to
embrace all such alternatives., modifications and variations
which fall within the spint and scope of the appended
claims.

We claim:

1. An exhaust gas recirculation (EGR) system for an
internal combustion engine having a combustion air intake
circuit, an exhaust manifold, a turbocharger unit having an
exhaust turbine and an inlet air compressor, and an exhaust
circuit for communicating engine exhaust to the environ-
ment, the EGR system comprising:

an air-to-gas EGR cooler;

an air supply conduit for supplying inlet air to the EGR

cooler;

an EGR supply conduit for communicating exhaust from

the exhaust circuit to the EGR cooler;

an EGR outlet conduit communicating cooled EGR from

the EGR cooler to the intake circuit upstream of the
COMPressor;

a venturi unit 1n the exhaust circuit; and

an air outlet conduit communicating heated air from the
EGR cooler to the ventur1 unit, flow of exhaust through
the exhaust line and the ventur1 creating a pressure

which draws cooling air through the EGR cooler.
2. The EGR system of claim 1, further comprising:

a bypass line communicating ambient air to the air outlet
conduit; and

a bypass valve controlling flow through the bypass line.
3. The EGR system of claim 2, further comprising:
a parameter sensor 1n the intake circuit; and

a control unit for controlling the bypass valve as a
function of the sensed parameter.

4. The EGR system of claim 3, wherein:
the parameter sensor comprises a temperature sensor.
5. The EGR system of claim 2, further comprising:

a compressor outlet line communicating a mixture of air
and exhaust from the compressor to the combustion air
intake;

a temperature sensor in the compressor outlet line; and
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a control unit for controlling the bypass valve as a

function of the temperature sensed by the sensor.

6. The EGR system of claim 2, further comprising:

charge air cooler;

a temperature sensor 1in the EGR conduit; and

a control unit for controlling the bypass valve as a

function of the temperature sensed by the temperature
SeNSor.

7. The EGR system of claim 6, wherein:

the temperature sensor 1s upstream of the charge air

cooler.

8. An exhaust gas recirculation (EGR) system for an
internal combustion engine having a combustion air intake
circuit, an exhaust manifold, and an exhaust circuit for
communicating engine exhaust to the environment, the EGR
system comprising;:

an air-to-gas EGR cooler;

an air supply conduit for supplying inlet air to the EGR

cooler;

an EGR supply conduit for communicating exhaust from

the exhaust circuit to the EGR cooler:

an EGR outlet conduit communicating cooled EGR from

the EGR cooler to the intake circuait:

a ventur: unit in the exhaust circuit;

an air outlet conduit communicating heated air from the
EGR cooler to the venturi unit, tlow of exhaust through

the venturi creating a pressure which draws cooling air
through the EGR cooler;

a bypass line communicating ambient air to the air outlet

conduit;

a bypass valve controlling flow through the bypass line;

a parameter sensor in the intake circuit;

a control unit for controlling the bypass valve as a

function of the sensed parameter; and

a turbocharger unit having an exhaust turbine and an inlet

air compressor, the EGR outlet conduit communicating
cooled EGR from the EGR cooler to the intake circuit
upstream of the compressor.

9. An exhaust gas recirculation (EGR) system for an
internal combustion engine having a combustion air intake
circuit, an exhaust manifold, and an exhaust circuit for
communicating engine exhaust to the environment, the EGR
system comprising;:

an air-to-gas EGR cooler;

an air supply conduit for supplying inlet air to the EGR

cooler;

an EGR supply conduit for communicating exhaust from

the exhaust circuit to the EGR cooler;

an EGR outlet conduit communicating cooled EGR from

the EGR cooler to the intake circuait:

a ventur: unit in the exhaust circuit;

an air outlet conduit communicating heated air from the
EGR cooler to the ventur: unit, flow of exhaust through

the venturi creating a pressure which draws cooling air

through the EGR cooler;

a bypass line communicating ambient air to the air outlet
conduit;

a bypass valve controlling flow through the bypass line;

a parameter sensor in the intake circuit; and

a control unit for controlling the bypass valve as a
function of the sensed parameter, the engine including

a turbocharger unit having an exhaust turbine and an

inlet air compressor, and the EGR supply conduit

communicating with the exhaust circuit downstream of
the turbine.
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